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Abstract 

An  experimental  investigation  of  the  pressure 
distribution  of  air  in  radial  flow  between  parallel 
plates  was  conducted. 

Data  were  collected  on  the  pressure  distribu¬ 
tion,  mass  rate  of  flow  of  air  and  film  thickness. 

Variations  were  made  in  the  load  applied  to 
the  upper  plate,  stagnation  pressure  at  the  air 
supply  hole,  and  the  upper  plate  geometry.  Two 
upper  plates  having  the  same  outside  diameters  but 
different  supply  hole  diameters  were  employed. 

Two  flow  regimes  were  defined,  that  where 
the  flow  of  air  is  dominated  by  the  viscous  forces 
wherein  the  pressure  decreases  steadily  from  the 
supply  hole  to  the  outer  edge  of  the  upper  plate  and 
that  where  the  inertia  forces  predominate  and  the 
flow  becomes  supersonic  near  the  air  supply  hole. 

In  this  latter  regime,  it  was  found  that  the  mass 
flow  can  be  predicted  by  the  theoretic  choked  flow 
through  the  cylindrical  area  defined  by  the  film 
thickness  and  the  diameter  of  the  air  supply  hole. 
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Notation 


dQ  =  Diameter  of  the  air  supply  hole  in  the  upper 
plate 

P  -  Force 

h  =  Film  Thickness 

m  »  Mass  rate  of  flow 

fa  »  Ambient  Pressure 

P  -  Pressure  at  any  Doint  in  film 

P0  =  Stagnation  pressure 

r  *  Any  radial  location  under  the  upper  plate 
r0  =  Radius  of  the  air  supply  hole  in  the  upper  plate 
R-^  =  Outer  radius  of  the  upper  plate 
T  -  Temperature 
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1.  Introduction 


One  of  the  basic  problems  of  machine  design 
is  the  support  of  moving  elements.  In  the  past, 
many  familiar  devices  such  as  hydrodynamic  bear- 
ings,  ball  and  roller  bearings  have  been  used  to 
solve  this  problem.  The  usual  lubricant  used  has 
been  a  liquid. 

There  is  a  large  class  of  lubrication  problems 
for  which  hydrodynamic  (self-acting)  bearings  can 
not  be  used.  These  are  cases  where  loads  are  too 
high  for  hydrodynamic  bearings  to  support  or  where 
it  is  essential  to  avoid  contact  between  bearing 
surfaces.  The  solution  to  this  problem  is  the 
hydrostatic,  or  externally  pressurized  bearing. 

The  hydrostatic  bearing  has  become  of  interest 
not  only  in  satisfying  the  above  requirements,  but  also 
because  of  its  low  friction  with  high  speed  shafts 
and  because  of  the  need  to  support  heavy  non¬ 
rotating  elements.  Again,  the  most  common  lub¬ 
ricant  has  been  a  liquid. 

The  use  of  a  gas  for  bearing  lubrication  was 
first  suggested  by  Hirn[I7]  in  1855.^  About  forty 
years  later  Kingsbury  \2~\  tested  a  hydrodynamics lly 
lubricated  air  bearing  and  reported  the  results. 

1.  Numbers  in  brackets  refer  to  references  listed 
in  the  Bibliography. 
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Air  as  a  lubricant  has  several  advantages. 

Chief  among  these  are  its  viscosity  characteristic 
and  its  availability.  The  viscosity  of  air  is 
several  orders  of  magnitude  lower  than  that  of 
greases  or  oils.  This  results  in  extremely  low 
starting  and  running  torques.  The  viscosity  of 
air,  as  is  typical  of  gases,  increases  with  temp¬ 
erature.  This  becomes  important  if  bearings  are 
to  be  operated  at  temperatures  of  1000°P  or  more. 

The  externally  pressurized  or  hydrostatic  air 
bearing  combines  the  several  features,  described 
above,  of  the  hydrostatic  bearing  together  with 
the  desirable  lubricant,  air. 

The  circular  pad  bearing  shown  schematically 
in  Figure  1,  is  of  interest  both  as  a  thrust  bear¬ 
ing  and  because  it  can  be  considered  to  be  the 
basic  unit  of  a  journal  bearing. 

The  gas  dynamics  of  the  flow  of  air  through 
the  centrally  fed  pad  bearing  is  the  analysis  of 
radial  flow  between  parallel  plates.  The  analysis 
can  be  separated  into  essentially  two  flow  regimes 
under  certain  conditions  of  supply  pressure  and  load¬ 
ing  the  radial  flow  is  dominated  by  the  viscous 
forces  and  hence,  the  radial  pressure  distribution 
is  one  which  gradually  decreases  from  the  central 
supply  pressure  to  ambient  pressure  at  the  outer  radius. 
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Many  investigations  of  the  flow  in  this  viscous 
regime  have  been  performed,  notable  among  these  is 
the  work  of  Lapb  ,  Gross  [53  ,  and  Comole t  [( 3  , 

Under  other  conditions,  however,  fluid  inertia 
forces  are  significant  and  supersonic  flow  in  a 
portion  of  the  radial  flow  exists.  To  satisfy  the 
boundary  conditions  imposed  upon  the  flow,  discon¬ 
tinuities  in  the  flow  in  the  form  of  shocks  appear. 
Since  the  flow  is  also  influenced  signif igantly  by 
the  fluid  viscosity,  interactions  between  the  shock(s) 
and  viscous  effects  occur,  and  depending  upon  the 
supply  pressure  and  loading  this  interaction  can 
occur  in  extremely  short  radial  distances  or  can  be 
distributed  over  a  significant  radial  distance. 

This  regime  has  been  recognized  by  several 
investigators  and  an  analytic  treatment  of  this 
regime  was  attempted  by  Mori  L7l  •  Lack  of  suff¬ 
icient,  good,  experimental  data  prevented  Mori  and 
other  previous  investigators  from  adaquately  des¬ 
cribing  the  flow.  Most  investigators  had  diffi¬ 
culty  in  detecting  the  variations  in  pressure  which 
occured  in  the  short  radial  distances,  since  the 
entire  process  of  acceleration  and  shock  interaction 
may  take  place  in  a  radial  distance  of  only  a  few 
thousandths  of  an  inch  in  a  film  thickness  which  is 
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less  than  a  thousandth  of  an  inch.  Pressure 
measurements  attempted  with  fixed  pressure  taps 
of  significant  hole  size  can  quite  easily  miss 
the  whole  shock  interaction  area. 

Thus,  because  of  the  lack  of  experimental 
data  in  this  flow  regime,  the  present  investigation 
was  undertaken. 
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2.  Description  of  Experimental  Equipment. 

This  investigation  was  conducted  in  two  parts; 
first  the  determination  of  the  pressure  distribution 
of  air  in  radial  flow  in  thin  films  was  done  at 
the  International  Business  Machines  Research  Lab¬ 
oratory  in  San  Jose,  California,  and  second,  the 
determination  of  the  mass  rate  of  flow  was  done  at  the 
United  States  Naval  Postgraduate  School  in  Monterey, 
California. 

The  experimental  equipment  used  at  IBM  Research 
Laboratory  consisted  of  a  device  for  holding  a  cir¬ 
cular  flat  plate  with  a  centrally  located  air  supply 
hole  above  another  flat  plate  which  contained  a 
two-mil  pressure  sensing  hole.  This  device  is 
shown  schematically  in  Figure  1. 

Two  different  upper  plates  were  used.  These 
plates  had  the  same  outside  diameters  but  different 
air  supply  hole  diameters.  For  the  purpose  of  id¬ 
entification  the  upper  plate  with  the  smaller  air 
supply  hole  diameter  (.0218  inches)  will  be  desig¬ 
nated  the  UA”  head,  and  the  upper  plate  with  the 
larger  air  supply  hole  diameter  ( .0343  inches)  will 
be  designated  the  nB"  head  throughout  this  inves¬ 
tigation. 
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The  diameters  of  the  air  holes  were  determined 


by  measurements  made  with  a  traveling  microscope# 
These  diameters  were  verified  by  photomicrographs 
taken  with  a  diffraction  grating  lying  over  the  air 
hole.  These  photomicrographs  also  showed  that  the 
holes  in  the  upper  plates  were  round.  The  outside 
diameter  of  both  upper  plates  A  and  B  were  measured 
with  micrometer  calipers.  The  flatness  of  both  the 
upper  and  lower  plates  was  determined  by  measure¬ 
ments  made  by  optical  flats  using  a  monochromatic 
light  source.  The  values  determined  by  these 
measurements  are  shown  in  Table  I. 

The  upper  plate  was  mounted  in  a  gimbal  ring 
supported  by  a  pivoted  loading  arm  such  that  the 
centerline  of  the  air  supply  hole  of  the  uoper 
plate  was  accurately  located  at  a  distance  of  three 
inches  from  the  pivot  point. 

Loads  were  spoiled  to  the  upper  plate  by  adding 
known  weights  to  the  loading  arm  at  a  knife-redged 
support  accurately  located  at  a  distance  of  nin^ 
inches  from  the  pivot  point  and  on  the  same  side 
as  the  upper  plate. 

The  weight  of  the  loading  arm,  gimbal  ring, 
and  upper  plate  were  counter  balanced  by  a  movable 
counterweight  located  on  the  opposite  side  of  the 
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pivot  point  from  the  upper  plate. 

Use  of  the  pivoted  loading  arm  and  gimbal  ring 
permitted  the  uoper  plate  freedom  to  translate 
vertically  and  to  rotate  about  any  axis  parallel  to 
the  lower  plate. 

Both  the  loading  arm  and  the  gimbal  were  equp- 
ped  with  miniature  precision  ball  bearings  at  their 
pivot  points. 

The  lower  Plate  containing  a  two-mil  pressure 
sensing  hole,  was  power  driven  by  a  screw  operated 
through  a  variable  speed  transmission  and  electric 
motor.  The  lower  plate  was  moved  by  the  power  drive 
in  a  direction  parallel  to  the  loading  arm.  At  right 
angl«s  to  the  power  driven  screw  was  a  manually 
operated  screw  which  would  dri\e  the  plate  in  a 
direction  normal  to  the  loading  arm.  By  using  these 
screws  in  combination,  it  was  possible  to  pick  out 
any  desired  radial  location  under  the  upper  plate. 
Both  screws  had  precision  ground  threads  and  were 
equipped  with  micrometer  dials. 

The  lower  plate  was  equipped  with  precision 
linear  potentiometers  which  were  supplied  by  a 
regulated  direct  current  power  supply.  Through 
the  use  of  one  of  these  potentiometers,  an  elec¬ 
trical  signal  indicating  the  radial  position  of 
the  pressure  sensing  hole  was  sent  to  the  X  axis 
of  a  Mosely  X-Y  plotter. 
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The  two-mil  pressure  sensing  hole  in  the  lower 
plate  w as  connected  to  a  Consolidated  Electrodynamics 
Corporation  Model  [(.-313  pressure  transducer  which 
employs  a  four  arm  strain  gage  bridge.  An  alter¬ 
nating  current  signal  was  supplied  to  the  gage 
bridge  by  a  Tektronix  "Q,"  unit.  Resulting  pressure 
signals  from  the  gage  bridge  were  converted  to 
direct  current  signals  by  the  Tektronix  ’’Q,”  unit 
and  fed  to  the  input  of  a  Tektronix  Oscilloscope. 

These  signals  were  amplified  in  the  Tektronix 
Oscilloscope  and  were  sent  from  the  vertical  deflec¬ 
tion  plates  of  this  oscilloscope,  through  a  cathode 
follower,  to  the  Y  axis  of  the  X-Y  plotter, 

In  this  way,  it  was  possible  to  get  continuous 
traces  on  the  X-Y  plotter  which  represented  radial 
location  of  the  pressure  sensing  hole  versus  pressure. 

Stagnation  pressure  at  the  inlet  to  the  supply 
hole  of  the  upper  plate  was  measured  by  a  precision 
pressure  gage  manufactured  by  Wallace  and  Tierman 
Company. 

Two  precision  pressure  regulators  connected 
in  series  were  used  to  accomplish  pressure  regulation 
from  a  filtered  150  PSIG  supply. 

The  experimental  equipment  used  at  the  United 
States  Naval  Postgraduate  School  in  the  determination 
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of  film  thickness  and  mass  rate  of  flow  consisted 
of  a  test  device  which  was  essentially  the  same  as 
that  used  at  the  IBM  Research  Labora tory.  The  upper 
plates  and  gimbal  ring  used  in  this  phase  of  the 
experiment  were  the  same  units  that  were  used  at 
IBM.  This  gimbal  ring  and  the  two  upper  plates  that 
were  used  in  the  investigation  are  shown  in  Figure 
2.  Figure  3  is  a  photograph  of  the  test  device 
used  at  the  Postgraduate  School. 

The  lower  plate  on  this  device  did  not  contain 
a  pressure  sensing  hole  and  the  lower  plate  was  not 
traversed.  The  lower  plate  contained  two  brackets, 
each  of  which  supported  one  end  of  a  Tuck-^rman 
optical  strain  gage  oriented  in  a  vertical  plane. 

The  other  end  of  the  Tuckerman  optical  strain 
gage  was  secured  to  the  upper  plate  loading  arm  at 
points  located  exactly  the  same  distance  from  the 
loading  arm  pivot  as  the  upper  plate  supply  hole 
center  line.  Two  Tuckerman  Autocollimators  were 
used  with  these  gages  to  determine  film  thickness. 

The  mass  rate  of  flow  of  air  between  the  parallel 
plates  was  determined  by  the  use  of  a  calibrated 
Flowrator  manufactured  by  the  Fischer  and  Porter  Co. 

Stagnation  pressure  of  the  air  at  the  entrance 
to  th«  supply  hole  in  the  upper  plate  was  measured 
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by  a  precision  pressure  gage  manufactured  by  the 
Ashcroft  Company. 

Stagnation  temperature  at  the  inlet  was  determined 
by  a  copper-constantan  thermocouple  and  a  Leeds  and 
Northrup  Potentiometer. 

Pressure  regulation  of  the  filtered  100  PSIG 
supply  was  accomplished  by  the  use  of  a  pressure 
reducer  and  throttling  valve. 
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3.  Experimental  Procedure 

Part  I.  Pressure  Distribution  Investigation 
With  the  desired  upper  plate  accurately  located 
in  the  loading  arm,  the  experimental  procedure 
was  as  follows: 

With  the  upper  and  lower  plates  fixed  in  direct 
contact  such  that  the  air  supply  hole  in  the  upper 
plate  was  directly  over  the  pressure  sensing  hole 
in  the  lower  plate,  the  pressure  transducer  was 
calibrated.  The  Wallace  and  Tierman  precision  gage 
was  used  to  calibrate  the  pressure  transducer.  At 
this  time  the  sensitivity  of  the  Y  axis  of  the 
X-Y  plotter  was  adjusted  so  that  the  maximum  stag¬ 
nation  pressure  employed  produced  full  scale 
deflection.  The  upper  plate  was  then  released  and 
allowed  to  float  on  a  film  of  air  while  the  linear 
potentiometer  indicating  radial  location  was  cal¬ 
ibrated  and  the  X  axis  sensitivity  of  the  X-Y  re¬ 
corder  was  adjusted  for  a  suitable  deflection  over 
the  diameter  of  the  unp^r  plate. 

The  air  supply  through  the  upper  plate  was 
then  shut  off  and  the  loading  arm  was  balanced.  The 
desired  load  was  then  applied  to  the  loading  arm 
by  weight  in  a  scale  pan  with  knife  edge  supports 
to  the  loading  arm. 
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Pressure  was  again  supplied  to  th^  hole  in  th» 
upp*r  Mat*.  This  pressure  was  adjusted  until  the 
ueper  plat^  was  floating  freely  on  a  film  of  air. 

Th«  location  of  the  pressure  sensing  hole  w as  next 
determined  by  use  of  power  driven  and  manually  driven 
screws  to  move  the  lower  plate.  The  location  of  the 
rapid  pressure  crop  delineating  the  edge  of  the  hole 
was  determined  in  two  directions  perpendicular  to 
each  other.  By  use  of  th°  micrometer  dials  attached 
to  these  two  screws,  it  was  possible  to  determine 
the  location  of  the  center  of  the  supply  hole  of  the 
upper  olat®  with  r»sp»ct  to  the  center  of  the  pressure 
sensing  hole. 

The  pressure  sensing  hole  in  the  lower  plate  was 
then  moved  to  a  location  at  the  edge  of  the  upper 
plat".  The  motor  drive  was  turned  on  driving  the 
pressure  sensing;  hole  slowly  across  the  diameter 
of  the  uoper  plate.  The  lowest  speed  available  using 
power  drive  of  the  lower  plate  was  approximately 
1/2  inch  per  hour.  This  speed  was  used  in  the  region 
wh»re  rapid  pressure  changes  were  anticipated.  In 
the  lower  pressure  regions  the  speed  of  the  power 
drive  was  increas'd  above  l/2  inch  per  hour  so  that 
excess ive  time  would  not  be  consumed  and  so  that 
"drift"  of  the  dlectronic  components  would  not  be  a 
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problem.  The  time  required  to  traverse  the  diameter 
of  the  upper  plate  was  approximately  one-half  hour. 
Both  the  calibration  of  the  pressure  transducer  and 
the  linear  potentiometer  indicating  radial  displace¬ 
ment  were  checked  at  the  beginning  and  end  of  each 
run.  A  run  consisted  of  a  single  pressure  traverse 
at  one  fixed  stagnation  pressure  and  one  upper  plate 
loading. 

Parallelism  of  the  upper  and  lower  plates  was 
checked  by  making  a  series  of  traverses  with  the 
poi^er  driven  screw  at  various  offsets  obtained  by 
adjusting  th*  manual  driven  screw  located  at  right 
angles  to  the  power  driven  screw.  Correspondence 
of  pressure  profiles  along  two  mutually  perpendic¬ 
ular  diameters  of  th*  upper  plate  was  assumed  to  prove 
that  the  upp^r  and  lower  plates  were  parallel. 

The  oscilloscope,  pressure  transducer,  and  other 
electrical  auxiliaries  were  allowed  to  warm  up  for 
at  l^ast  one  hour  before  use.  Warm  up  was  continued 
until  these  units  stabilized. 

Because  of  the  extremely  small  vertical  dis¬ 
placements  of  the  uppar  plate  or  film  thicknesses 
and  to  employ  the  maximum  capability  provided  by  the 
flatness  of  the  surfaces  it  was  necessary  that  both 
the  upper  and  lower  plates  be  cleaned  with  acetone 
and  optical  wiping  papers  before  assembly. 
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Part  II.  Film  thickness  and  mass  rate  of  flow 

invest igat ions . 

The  device  used  in  these  investigations  was 
essentially  the  same  as  that  used  in  the  investi¬ 
gations  of  pressure  distributions.  The  difference 
was  that  the  lower  plate  did  not  contain  a  pressure 
sensing  hole  and  was  fix®d. 

The  same  upper  plat«s  and  gimbal  assembly  as 
used  in  the  pressure  distribution  determinations 
were  us^d  in  the  mass  rat«  of  flow  and  film  thic.knes 
measurements.  Assembly  of  this  device  was  the  same 
as  that  used  in  the  pressure  distribution  inves- 
tiga  tions . 

The  Tuckerman  optical.  strain  gages  used  in 
determining  the  film  thickness  were  applied  to  the 
bracket  and  loading  arm  aft^r  the  upp-^r  plate  had 
been  assembled  in  the  loading  am.  The  application 
of  these  gages  is  shown  in  Figure  3. 

The  loading  arm  was  then  balanced  with  the  Tuck 
erman  strain  gag^s  in  position  without  disturbing 
the  optical  strain  gage  attachment. 

The  desired  force  was  then  apnli^d  to  the 
u^per  plate  by  adding  weights  to  the  scale  pan. 

The  nosition  assumed  by  the  upper  plate  wh»n  these 
weights  were  on  the  scale  pan  and  when  no  air  was 
supplied  to  the  upper  plate  was  assumed  to  be  the 


position  corresponding  to  zero  film  thickness.  When 
this  had  be^n  determined,  air  pressure  was  supplied 
to  the  upper  plate  while  one  of  the  Tuckerman  optical 
strain  gages  was  observed  through  the  autocollimator. 
Pressure  was  increased  slowly  until  the  upper  plate 
was  floating  on  a  film  of  air.  The  pressure  was  then 
slowly  decreased  until  the  film  collapsed  and  the 
zero  position  of  the  Tuckerman  optical  strain  gages 
was  verified. 

When  these  gages  could  be  made  to  return  to  the 
same  zero  position,  the  determination  of  film  thick¬ 
ness  and  mass  rate  of  flow  for  a  fixed  load  applied 
to  the  upper  plate  and  variable  stagnation  pressure 
was  started.  The  stagnation  pressure  was  increased 
by  increments  as  shown  in  the  tabulation  of  experimental 
data,  Table  2,  to  a  maximum  of  approximately  90  PSIG. 
After  the  maximum  pressure  for  a  particular  run  was 
reached,  the  pressure  was  decreased  by  increments 
equal  to  those  used  while  increasing  the  pressure. 

The  readings  of  the  Flowrator  and  each  of  the  Tuck¬ 
erman  optical  strain  gages  were  recorded  for  each 
increment.  If  the  film  thicknesses  and  mass  rate 
of  flow  for  both  an  increment  taken  at  increasing 
pressures  and  an  increment  taken  at  decreasing 
pressures  were  the  sara*  and  the  Tuckerman  optical 
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strain  cages  returned  to  their  original  zero  position, 
the  run  was  considered  to  be  satisfactory. 

The  stagnation  temperature  for  each  run  was 
observed  by  the  use  of  a  copper-constantan  thermo¬ 
couple  and  a  l>eds  and  Northrup  potentiometer. 

Ambient  temperature  and  pressure  were  noted  for  each 
run . 

A  calibration  of  the  Flowrator  used  in  the  mass 
rate  determination  was  made  over  the  flow  range  and 
pressure  range  of  the  investigation.  Calibration 
was  accomplished  by  the  use  of  two  wet  test  meters 
with  capacities  of  10  cubic  feet  per  hour  and  150 
cubic  feet  per  hour.  Appendix  I  contains  the 
Flowrator  Calibration  Curve,  Figure  27. 

The  Ashcroft  pressure  gage  that  was  used  in  this 
investigation  was  calibrated  with  a  dead  weight  tester. 


I 
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4.  discussion  of  Results  and  Conclusions: 

The  data  coll^ct^d  in  the  investigation  of 
pressure  distribution  are  presented  as  non-dimen¬ 
sional  plots  in  Figures  4  through  19  and  in  tabular 
form  in  Table  II. 

Several  plots,  obtained  on  the  X-Y  plotter, 
which  are  representative  of  the  raw  data  taken  in 
the  pressure  distribution  investigation  are  repro¬ 
duced  in  Figures  20  through  22. 

The  data  taken  in  the  investigation  of  film 
thickness  and  mass  rat-'  of  flow  are  presented  in 
tabular  form  in  Table  III.  Figures  23  and  24  are 
absolute  plots  of  film  thickness  versus  supply  pressure 
and  Figures  25  and  26  are  plots  of  the  observed  mass 
rate  of  flow  versus  the  theoretic  maximum  based 
on  one  dimensional  adiabatic  flow  assuming  choked 
flow  through  the  cylindrical  area  defined  by  the 
film  thickness  and  th^  diameter  of  the  air  supply 
hole  in  the  upper  plate. 

An  examination  of  the  radial  pressure  distri¬ 
butions  shows  that  sonic  velocities  in  the  cylin¬ 
drical  control  area  followed  by  expansion  into  the 
supersonic  regime  occured  in  some  of  the  cases  wh-^re 
the  overall  pressure  ratio  of  -^-^*528  (required  for 
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sonic  velocity  in  a  one  dimensional  reversible  adia¬ 
batic  expansion)  existed.  In  other  cas~s,  sonic 
velocity  was  not  reached  and  the  pressure  decreased 
gradually  in  viscous  flow. 

The  investigation  of  film  thickness  and  mass 
rate  of  flow  shows  that  in  the  supersonic  regime 
where  %<.S28,  the  actual  mass  rate  of  flow  is 
predicted  to  within  three  per  cent  by  Fleigner’s 
Formula  L  Cl  • 

f”  =  .  S3Z  •§= 

fW 

where 

PQ=  stagnation  pressure  (PSIA) 

T0“  stagnation  temperature  (°R) 

A  =  (T  d0h  (in^)  (cylindrical  control  area) 
m  =  mass  rate  of  flow  (lb^/sec) 

This  regime  corresponds  to  mass  flow  rates  above 

50  X  10 lbm/sec.  for  the  A  head  and  mass  flow 

rates  above  80  X  10 lbm/sec.  for  the  B  head  as 

seen  in  Figures  25  and  26,  Below  these  minimum  flow 

rates  sonic  velocity  did  not  occur  either  because 

Pa/P0  >  ,528  or  because  the  viscous  effects  near  the 

air  supply  hole  prevented  the  gas  from  reaching 

sonic  velocity.  It  was  also  noted  that  for  the  high 

rates  of  flow  the  observed  mass  rat*  of  flow  was 

lower  than  that  predicted  by  theory,  this  was  more 

evident  in  the  tests  (’'A"  runs)  where  the  air  supply 


hole  was  small 
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This  is  explained  by  a  consideration  of  how  the 
stagnation  pressure  was  msasur^d,  here  we  ere  seeing 
the  effect  of  stagnation  pressure  loss  between  the 
pressure  gage  and  the  air  supply  hole  exit.  This  is 
also  evident  in  the  pressure  profiles,  since  complete 
pressure  recovery  was  not  obtained  when  the  pressure 
sensing  hole  was  located  directly  beneath  the  air 
supply  hole  in  the  upo*r  plate. 

Further  examination  of  the  pressure  profiles 
shows  that  for  the  smaller  diameter  air  supply  hole 
and  a  heavy  load,  the  entire  process  of  sonic  flow, 
at  the  edge  of  the  air  supply  hole,  followed  by 
expansion  into  the  supersonic  flow  regime,  shock  and 
pr»ssur»  recovery,  occured  over  a  very  small  radial 
distance  (.0269  inches  from  sonic  velocity  to  pressure 
recovery  in  Run  No.  1-A,  Figure  11)  ana  that  in  this 
region  of  h^avy  load  and  thin  films  the  shock  app¬ 
roximated  the  thin  normal  shock  that  is  experienced 
in  supersonic  nozzle  diffusers. 

As  the  load  on  the  upp~r  plate  was  decreased,  the 
film  thickness  increased,  the  area  covered  by  super¬ 
sonic  flow  was  enlarged,  see  Figure  13  for  example, 
local  pressures  became  subambient,  and  the  shock 
became  a  distributed  shock  similar  an  nature  to  that 
which  occurs  in  pipe  flow.  (Discussed  by  Shapiro  L^O 
PP  135-137). 
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An  examination  of  the  plots  of  film  thickness 
versus  supply  pressure,  (Figures  23  and  2l\.) ,  shows 
that  the  upper  plate  functions  much  more  efficiently 
in  terms  of  air  consumption,  as  a  load  supporting 
device  when  the  supply  pressure  is  reduced.  It  can 
be  se^n,  for  example,  that  for  the  "A"  head  we  can 
support  a  load  of  600  grams  with  a  supply  pressure 
of  70  PSIG  and  a  film  thickness  of  approximately 
1-mil  or  we  can  support  the  same  load  v/ith  a  supply 
pressure  of  30  PSIG  and  a  film  thickness  of  about 
,72  mil.  Recalling  that  th«  air  flow  rate  is 
approximated  by  "be  r  (,  U  for  a  fixed  stagnation 
temperature  and  supply  hole  diameter,  it  is  easily 
concluded  that  the  most  efficient  area  of  operation 
for  an  air  lubricated  pad  bearing  is  in  the  region 
of  viscous  films.  However,  if  we  consider  that  our 
bearing  may  be  required  to  operate  in  the  presence 
of  accelerations  that  may  be  continued  for  some 
time,  (inertial  guidance  systems  in  rock t s  for 
example),  we  must  consider  what  would  happen  if 
this  bearing  wer®  subjected  to  an  increased  load 
for  an  -xt^nded  period.  An  examination  of  the  plot 
of  Film  Thickness  versus  Supply  Pressure  For  The 
"A"  Pad  shows  that  a  load  of  900  grams  could  not  be 
supported  with  a  30  PSIG  supply  pressure.  However, 


20 


if  the  supply  pressure  wore  70  PSIG  and  the  force 
were  increased  to  900  crams  the  clearance  (h)  would 
be  reduced  to  approximately . 76  mils. 

Gross  [^D  has  stated  that  the  {.os  compressibility 
at  the  entrance  supply  section  may  tend  to  cause 
pneumatic  instability  resulting  in  plate  vibration. 

He  suggests  that  the  air  supply  hole  volume  be  reduced. 
This  of  course  must  be  done  at  a  sacrifice  of  load 
carrying  capacity  as  is  indicated  by  a  comparison 
of  the  film  thickness  -  pressure  cha ract -rist s  of 
pads  A  and  3  in  the  plots  of  film  thickness  versus 
Gage  Pressure,  Figures  23  and  • 
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5.  Recommendations  for  further  work. 

It  appears  that  further  work  could  be  done  in 
two  areas;  an  investigation  of  geometry  factors  and 
an  investigation  of  the  temperature  distribution 
of  air  in  radial  flow. 

An  investigation  of  geometry  factors  should 
be  concerned  with  the  influence  of  variations  of 
both  absolute  and  relative  geometric  factors.  A 
parameter  such  as  r0/R^  (where  r0  is  the  radius  of  the 
air  supply  hole  and  Rj.  is  the  outer  radius  of  the 
pad),  might  be  chosen  and  an  investigation  made 
with  this  parameter  a  constant  and  the  absolute 
values  r0  and  variable,  then  perhaps  could  be 
selected  as  a  variable  with  r0  constant.  Such  an 
investigation  would  yield  data  which  should  enable 
the  correlation  of  film  thickness,  loading,  mass 
r3te  of  flow,  and  stagnation  pressure  in  a  non- 
dimensional  form. 

In  the  analysis  of  the  gas  dynamics  of  the 
radial  flow,  two  limiting  cases  have  been  proposed. 

The  viscous  flow  regime  has  suggested  isothermal 
flow  as  the  limit  most  nearly  approached,  whereas 
the  supersonic  regime  suggests  adiabatic  flow 
analysis.  It  may  be  of  interest,  therefore,  to 
investigate  th*  actual  radial  temperature  distribution. 
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Table  I 


PHYSICAL  MEASUREMENTS  CF  UPPER  AND  LOWER  PIATES 

Lower  Upper  Plates 

Plate  A  B 

OUTSIDE  DIAMETER  (in.)  0.6610  '  0.6610 

AIR  HOLE  DIAMETER (in.)  0.002  6.0218  0.0343 

FLAT  TO  WITHIN  -  {/t  in.)  9*  6  6 

SURFACE  ROUGHNESS ( A  in,  RMS)  344 

-xTaken  over  a  3  inch  diameter  circular  portion 
centered  on  the  pressure  sensing  hole. 
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Table  II 


Run  1-A 


F  =  600  gm. 

P  =  i4;.6PSIA 

T  =  76°P 
!  0 

Pa~  14 .6PSIA 

' 

P-P 

v/R 

0l' 

l 

PQ 

0 

.600 

.030 

,600 

.035 

;224 

.036 

.499 

•041 

.0695 

*0i[2 

.112 

.060 

.170 

.117 

.220 

.200 

.195 

.298 

.170 

.487 

.112 

.716 

.056 

.850 

.0336 

.891 

.0224 

1.00 

1 

| 

0 

• 

l 

t 

Run  2 -A 


F=  600  gm. 

T=  74°P 

0 

r/R 

P  -  54.&PSIA 

0 

F  =  14.6PSIA 
a 

i 

P 

0 

0 

.712  1 

.034 

.274  | 

.035 

.183 

;o35 

.0914 

o035 

.0713 

.035 

.208 

.039 

.0366 

.039 

.141  i 

.045 

.0147 

.053 

.0306 

.062 

.0914  ! 

.105 

.208 

.126 

.221 

.175 

.208 

.241 

.183 

.379 

.141 

.502 

.0713 

.795 

.0366 

1.00 

0 

1 


.1 

i  • 


Table  II  (Cont.) 


Run  3iiA 
F -600  gm. 

!  T0=  75°P 


P  =  7ij-.6PSIA 
o 

p  =  14.6PSIA 
& 


j  Run  I4.-A 

1  I 

F-  600  gm.  Y  z;9\±»6?SIA 

T  76°P  P-=l4.6PSIA 
o-  1  a 


r/R 


1  •  pc 

(•  ! 

' 

0 

.693 

.021 

.693 

;o3o 

.670 

;o3i 

i53f? 

:o3i 

.402 

.033 

.268 

.035 

.13 ill. 

.036 

.067 

:oki 

.0334 

:o45 

.0134 

;o54 

O' 

.063 

-.0054 

.079 

O' 

.085 

•0134 

.090 

.0255 

.099 

.0331+ 

.126 

.067 

.136 

.0911 

« lb-6 

.0958 

,163 

•0857 

.199 

.0911 

.300 

.0737 

.400 

.067 

.581 

•Oij.82 

.825  . 

.0255 

.879 

.0134 

1.00 

0 

> 

\ 

i 

\ 

I 

I 


| 


I 


r/R 

P~P6i 

i 

j 

P. 

i 

0 

0 

.786 

.027 

.740 

.030 

.036 

.634  ! 
.528 

.037 

.422 

.037 

.317 

.037 

.211 

.037 

.159 

.037 

.106 

.042 

.0528 

.043 

.0243 

.048 

.0106 

.063 

0 

.087 

-.0106 

.111 

O' 

.122 

.0106 

;i33 

.0243 

HS7 

.0528 

.164 

.0703 

.172 

.0745  j 

.208 

.0702 

.310 

.457 

.0634 

.0528 

.596 

.0370 

.729 

.0243 

.874 

.0106 

1.00 

0 

<3 
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Run  5 -A 


Table  II  (Cont. ) 

Run  6 -A 


F  =  600  gra.  114.6PSIA 


To=  75°F 


r/R 


0*00 
•0271 
.030 
;o3o 
.033 
.033 
.036 
i037 
:o39  • 
;o39 
;o4o 
:o48 
;o57 
i069 
:o9o 
i099 
;i33 
:i57 
:i75 
.190 
.199 
.20$ 
.211 
.218 
.229 
.238 
.262 
.325 
.421 

;6&6 

;85o 

1.00 


Pa=  i4.6psia 


p-p. 


;866 

.785 

.699 

.611 

.436 

.349 

.0874 

.0655 
.0436 
.0175 
.0175 
;0096 
0.00  • 

-!oi* 
-.0262 
-.0349 
-.0262 
-.0175 
-;oo78 
oioo 


F  =  300  gm. 
Tq=  76°F 


r/R 


§0181 

.0305 

.031 

.031 

.032 

.035 

.036 

.037 

;038 

.039 

;o42 

.048 

.053 

.066 

.069 

.074. 

.081 

.102 

.108 

.115 

.128 


.0096 

.199 

.0175 

.253 

;o436 

.394 

;o5ol 

.488 

}0524 

.656 

:o5o2 

.775 

:o45o 

.885 

.0437 

1.00 

.0297 

I 

.0175 

* 

;0096 

f 

).00 

i 

P  = 


P  - 


44.6PSIA  1 

i 

i4.6psia 


p-p. 


.651 

.560 

.392 

.280 

.202 

.168- 

.0824 

.0448 

.0157 

0.00 

-.0190 

-.0224 

-.0190 

0.00 

.0157 

.0291 

.0448 

.0875 

.119 

.112 

.128 

.119 

.112 

.0875 

.0695 

.0449 

.0291 

.0157 

0.00 
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Run  7 -A 

F-  300  gm. 

T0—  76°P 

Po— 

Pa~  ■ 

r/R 

] 

OiOO 

•  1 

:027 

.< 

:030 

.030 

.j 

.031 

• 

.033 

. 

.036 

• 

.037 

• 

.039 

• 

.042 

• 

.042 

• 

.042 

0. 

.048 

.054 

*  • 

.060 

~  • 

.069 

• 

.084 

*•  • 

.090 

0. 

.111 

• 

.114 

• 

.120 

.130 

.141 

.199 

.332 

.4£8 

:554 

.579 

.686 

-.814 

• 

1.00 

0. 

Table  II  (Cont.) 

Run  8-A 


P-PaL 


P=300  gm.  P0=74.6PSIAj 


Tq=  76°P 


r/R 


0.00 

.030 

.036 

.037 

.0377 

.037 

.037 

.038 

.024-2 

.043 

.01+5 

.054 

.060 

.066 

.074 

.090 

.107 

.121 

.130 

.145 

.148 

.150 

.157 

.163 

.175 

.211 

.289 

:398 

.536 

.686 

.765- 

.885 

1.00 


P„  -  14.6PSIA 
a 


p-pa. 


r© 


.732 

.670 

.335 

.201 

.169 

.1325 

.0682 

.0535 

.0335 

.0149 

.0074 

0.00 

-.0127 

-.0214 

-.0301 

-.0365 

-.0301 

-.0214 

-.0128 

0.00 

.0074 

.0148 

.0335. 

.0535 

.0629 

.0582 

.0535 

.0442 

.0335 

.0268 

.0147 

.0736 

0.00 
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Table  II  (Cont.) 


Run  9 -A  !  Run  10-A 


P  =  300  gm. 
T0=  76°P 

P  =  94.6'  PSIA 
o 

Pa=  II4-.6  PSIA 

F=  900  gm. 

T  =  78°F 

0 

P  =  9I4..6PSIA 

Pa=  14.6PSIA 

r/R 

. 

P-P 

P 

1' 

1 

r/R 

t 

p 

I 

i 

1 

0 

0.00 

.819 

0.00 

.830 

.027 

•  714-0 

.030 

.714-0 

.030 

•  63U 

.031 

.6311 

:o30 

.529 

.033 

.528  | 

.033 

.11-22 

.035 

.422  ! 

:o36 

.317 

.036 

.3714-  | 

.036 

.211 

.036 

.317 

:037 

.106 

.037 

.211 

:o37 

.0792 

.040 

.185 

:o37 

.0529 

.043 

.106  ! 

.014-8 

.02614- 

.046 

.0782 

:o54 

0.00 

.050 

.0528 

;o6o 

-.019 

.055 

.0264 

.102 

-.0676 

.066 

0.00 

:i27 

-.OI4.23 

.078 

:o264 

:i6o 

-.0190 

.090 

.0528 

:i75 

0.00 

.096 

.155 

.187 

.0264 

.1114- 

.158 

.208  . 

.0529 

.121 

.182 

.344 

.0422 

.196 

.158 

•521 

.02614. 

.307 

.128 

.765 

.0106 

.3914- 

.106 

1.00 

) 

0.00 

.536 

.68 

;0792 

50528 

i 

J 

1.00 

0.00 
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Table  II  (Cont.) 

Run  12 -A 


Run  11-A 


'  =  900  gm. 

=  78°F 

O 

P  =  74.6PSIA 
0 

Pa=  14.6PSIA 

P-P 

r/R 

1 

1 

J 

po 

-  . 

0.00 

.796 

:o33 

.670 

.036 

:536 

.037 

.402 

.037 

.268 

.037 

.201 

.037 

.134 

.0^2 

.101 

.046 

.0670 

.014-9 

.0536 

.054 

.0455 

.056 

.0535 

.060 

.067 

.066 

.101 

.078 

.134 

.101 

.201 

.136 

.237 

.229 

.201 

.403 

.134 

.548 

.101 

.669 

.067 

.729 

.0536 

.850 

.0268 

1.00 

0.00 

900  gm.  P  =  54.6PSIA 

°  j 

T=78°P-  P  =  14.6PSIA 

O  O- 


i 

r/R 

!  p-p  j 

CL 

i 

1 

, 

p°  ! 

1 

0.00 

.715  j 

.035 

.549 

.037 

.457 

.038 

.366 

.043 

.274 

.046 

.209  ! 

.055 

.274 

.067 

.308 

.101 

.358 

.183 

.308 

.244 

.274  ! 

.427 

.183  ; 

.585 

.137 

.707 

.0915 

.841 

.0457  ! 

1.00 

1  G-°° 

f  ! 

j 

| 

| 

j 

04  4 
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Table  II(Cont.) 
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Table  II  (Cont.) 

Run  2-B  Run  3-B 


j 


F  -  600  gm. 

PQ-  71+.6PSIA 

F  r  600  gm. 

P  -  54.6PSIA 
o 

T  =  76°F 
o 

P  ■  =  11+.6PSIA 

a 

Tq-  76°F 

P  ~  H+.6PSIA 
a 

i 

r/R 

! 

p-pi 

po 

r/R 

f 

_  ^  i 

-p-Ps. 

.! 

. 

0.00 

.m 

‘  “1 

i 

0.00 

'  ~7 

.  t 

.720 

.035 

.030 

.720 

.050 

.737- 

.o5o 

.672 

.050 

.670 

.051+ 

.51+9 

.051 

.560 

.058 

.1+57 

.052 

.1+69 

.059 

•  366 

r  .051+ 

.1+02 

.059 

.271+ 

.058 

.335 

.059 

.183 

.058 

.268 

.060 

.137 

.059 

.201 

.062 

.0915 

.059 

.131+ 

.065 

.01+58 

:o59 

.101 

.072 

.0183 

.062 

.101 

.075 

.011+7 

.070 

^067 

.078 

.0183 

.079 

.0335 

.088 

.01+57 

:o9o 

0.00 

.100 

.0915 

.098 

-.0131+ 

J120 

.137 

.108 

-.0268 

.11+9 

.183 

.115 

-.0131+ 

.190 

.252 

.121 

0.00 

.300 

.183 

.11+0 

.0335 

.580 

.137 

.160 

.067 

.620 

.0915 

.181 

.101 

.800 

.01+57 

.195 

.131+ 

.920 

.0183 

.210 

.11+7 

1.00 

0.00 

.278 

.131+ 

1 

.1+50 

.101 

— 

.600 

.067 

.800 

.0335 

1.00 

0.00 

1 
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Table 

IX  (Cont.) 

Run  I4.-B 

5 

Run  5-B 

P  600  gm. 

P„  I4I4..6PSIA 

0  j 

P  600  gm. 

T0  77°P 

Pa  II4..6PSIA 

Tc  y8op 

r/R 

P“P9l 

r/R 

t 

po 

0.00 

• 

.671 

0.00 

.038 

.671  | 

.047 

:o5i 

.561 

.050 

:o  54 

1  .414-9 

.055 

.056 

.336 

.058 

.058 

.224  » 

.060 

1  .058 

.  168 

.092 

.059 

.112 

.100 

.060 

.0784 

.252 

.070 

.112 

.388 

.  08I4. 

.168 

.550 

.112 

.224 

.759 

.160 

.246 

1.00 

.290 

1  .224 

1 

; 

•I4.60 

!  .168 

i 

' 

i 

.600 

.112,, 

.795 

.056 

. 

.900 

.224 

1.00 

0.00 

p0  34.6PSIA 


14.6PSIA 

p-pa. 


.578 

.578 

.537 

.14-89 

.433 

.1;16 

.14-16 

.410 

.289 

.217 

.114-5 

.072 

0.00 
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Run  6-B 


Table  II  (Cont.) 

!  Run  7-B 

}  s 

F=300  gm.  PQ=9l;.6FSIA  F=  300  gnu  PQ=  74.6PSIA 

i  '  i 

T  =  78°F  Pfl=  ft.6PSIA  T  =  78°F  P  =  14..6PSIA 


P“P3l 

r/R 

PQ 

0.00 

.846 

.030 

.846 

.0l;0 

.80 

.050 

•  7k 

‘.oft. 

•  63k 

.056 

.529 

.057 

.423 

.058 

.317 

.058 

.261; 

.058 

.211 

.058 

.159 

.059 

.106 

.070 

.0791; 

.072 

.0529 

.078 

.0261; 

.088 

0.00 

.099 

-.0261; 

.120 

-.0529 

.160 

-.0655 

.190 

-.0529 

.219 

-.0261; 

.255 

0.00 

.265 

.0261; 

.275 

.0529 

.290 

.0655 

.362 

.0529 

.689 

.0261; 

1.00  . 

0.00 

( 

s 

1 

•  !  f-p^ 
r/R  !  — - - 


0.00 

.771 

;028 

.771 

•044 

.737 

.051 

.670 

.055 

.536 

.055 

.l;02 

.055 

.268 

.055 

.201 

.057 

afti 

.057 

.0107 

.058 

•0804 

;o62 

.0670 

.068 

.0335 

.076 

0.00 

.079 

-.013I; 

.085. 

-.0335 

.096 

-.0536 

.107 

-.0670 

.117 

-.0737 

.129 

-.0831 

.138 

-.0737 

.lft  ' 

-.0536 

.171 

-.0335 

.192 

-.013I;: 

.207 

0.00 

.215 

.0131; 

.225 

.0335 

.232  ‘ 

.0536 

.236 

.0670 

.239 

.0737 

.279 

.0737 

.321 

.0670 

.U38 

.610 

.0536 

.0335 

.722 

.0268 

.885 

.0071; 

.991; 

.0131; 

1.00 

0.00 

Table  II  (cont.) 


Run  8-B 


Run  9-B 


F  = 300  gm. 

T  -  78°F 
o 

r/R 


| 

i 


0.00 

.032 

.040 

.01+7 

.051 

.054 

.051+ 

.055 

.057 

.060 

.065 

.067 

.075 

.081 

.088 

.090 

.097 

.107 

;i22 


.131+ 

;i8i 

:i93 

:i98 

;2ii+ 

.325 

.600 


.757 


1.00 


54.6PSIA 

14.6PSIA 

Po 

F  -  300  gm. 

T=  79°P  . 

1 

r/R 

t 

p  =  41+.6PSIA 
0 

p  =  14.6PSIA 
a 

P 

.696 

0.00 

.639 

.700 

.040 

.639 

.691 

.048 

.617. 

.61+1 

.050 

.561  ! 

.550 

.054 

.337 

.366 

.055 

.1122  ! 

.1832 

.055 

.0551 

.0916 

.057 

.0224 

.0550 

.058 

0.00 

.0183 

:o59 

-.0224 

0.00 

.062 

-.044-9 

-.0183 

.064 

-.0551 

-.01+58 

:o7o 

-.0897 

-.0733 

.077 

-.1055 

-.0916 

.087 

-.0897 

-.0971 

.093 

-.0551 

-.101+7 

.106 

-.0224 

-.0916 

.118 

0.00 

-.0550 

.131 

.0224 

-.0366 

!  .145 

.01+49 

.0366 

.151 

.0551 

.0733 

.173 

.0897 

.0824 

.182 

.1010 

.0897 

.193 

.1122 

.0550 

.214 

.1101 

.0366 

.314 

.0897 

.0182 

1  .518 

.0551 

0.00 

.670 

.0336 

• 

.771 

.0224 

1.00 

0.00 

    i 
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Table  II  (Cont.) 


Run  10-B 

Run  11 -B 

F  =  300  gin. 

Pc=  31+.6PSIA 

F=  300  gm. 

p0=-  24.6PSIA 

T=  79°F 

P&=  3I+.6PSIA 

Tc=  79°F. 

p  «  i4.6psiA 

a 

t  ) 

1 

r/R 

p-pa  ' 

i 

r/R 

P-PA 

_  ^  ! 

• 

.  po 

Po 

f 

0.00 

.51+1 

0.00 

.1)23 

.030 

.51+1 

.023 

.423 

:oli3 

.520 

.051 

.423 

:o45. 

.5o6 

.055 

.394  1 

.049 

.1+34 

.086 

.368  i 

.052 

.289 

.144 

.305 

io54 

.11+4? 

.282 

.203 

.056 

0.00 

.558 

.1016 

;o57 

-.0289 

.786 

.0407 

.058 

-.0607 

! 

1  i 

[  1 

[  i 

.070 

-.0289 

1  1 

[ 

1  I 

.088 

.0289 

1 

i 

1  i 

.089 

.0462 

i 

.100 

.0636 

' 

.128 

.1157 

j 

.136 

.130 

t 

1 

.165 

.1444 

i 

.208 

.1502 

, 

.242 

.1441;- 

.1+38 

.0867 

! 

.61+3 

.0578 

.767 

.0289 

1.00  , 

0.00 

I 

1 
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Table  II  (Cont.) 


Run  12 -B  Run  13-B 

I  •  .  ,  • 


P  =  900  gm. 

T0=  76°P 

pc=  9u.6psia 

p  =  h;.6psia  1 

a 

F=  900  gm. 

T0=  76°f 

PD^  74.6PSIA 

Pa=  14.5  PSIA 

__  ^  _  i 

r/R 

P-Pa.  '  | 

Pc  ! 

r/R 

P-Pa.  \ 

p 

rO 

0.00 

.872 

0.00 

.791 

'  .028 

.873 

.019 

.791 

.OI4.2 

.867 

.032 

.784 

•02*5 

.856 

.043 

.777 

.048  • 

.8^6 

.048 

.737 

.050 

.825 

.053 

.536 

.052 

.740 

.056 

.161 

.054 

;423 

.058 

.134 

.058 

.2115 

.064 

.107 

.062 

;i64o 

.069 

.0806 

.069 

.1058 

.074 

.0670 

.076 

:0793 

.076 

;  .0469 

.082 

.0529 

.083 

.0429 

.088 

.0423 

.086 

.0375 

.093 

.0264 

.089 

.0402 

;ioo 

.0212 

.135 

.134 

;no 

.0190 

.181 

.201 

:113 

.0212 

.191 

.208 

:i2i 

.0317 

.199 

.211 

:i4i 

.0634 

.212 

.208 

.187 

.2268 

.291 

.174 

;2oo 

!  .1586 

.940 

.0134 

.208 

.1745 

1.00 

!  0.00 

!  .219 

.1788 

1 

1 

.2314- 

.1745 

1 

s 

[ 

.266 

.i64o 

1 

j 

.319 

.1480 

.614-3 

.0793 

.755 

.0529 

.901 

• .0106 

< 

1 

\ 

1.00 

i 

i 

0.00 

1 

i 

t 

3 


Table  II 

(Cont. ) 

Run  l!|.-B 

Run  15 -B 

! 

P  =  900  gin. 

1 

P  =  54.6PSIA 

F=  900  gm. 

P  =  44.6PSIA 

O 

O 

Tc=  78°P 

Pa=  14.6PSIA 

T  -  78°P  . 

0 

F  =  14.6PSIA; 

*  t 

P-P* 

P-Pft 

r/R 

r/R 

— 

PQ 

.4 _ po  __j 

0:00 

.732 

0.00 

.673 

:o5i 

.549 

.044 

.673 

;o52 

.458 

.052 

.561 

.052 

.366 

.055 

.44-8 

.053 

.274 

.061 

.408 

.051)- 

.183 

.079 

.408 

.059 

.165 

.100 

.417  ! 

.070 

.183 

.122 

.417  I 

.085 

.220 

.158 

.397 

.098 

.256 

.242 

.336 

.110 

.274 

.305 

.291 

.157 

.336 

.421 

.224 

.225 

.284 

.557 

.168 

.290 

.238 

.682 

.112 

.335 

.220 

.836' 

.056 

.429 

.183 

1.00 

0.00 

.  .561 

.137 

i 

.692 

.0915 

.830 

.0458 

1.00 

0.00 

i 

1 

} 

J . . 
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Table  II  (Cont.) 


Run  16-B 

P-  900  gm.  P  =  1|0*6PSIA 
o 

T  =  78°F  P  =  14.6PSIA 
o'  a  ^  i 


r/R 

p-pa 

\ 

p_ 

o 

1  *  "  l 

0.00 

•  614-0 

.  iOlj.9 

.  614-0 

.055 

.616 

;o69 

.55b 

.107 

.l|-92 

aij.9 

.431 

.238 

.370 

.kl5 

.2k6 

:53i 

.185 

^685 

.123 

.818 

.062 

1.00 

0.00 
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Table  III 


A  HEAD 
F=300  gm. 


Pa  =  14.9  PSIA  j 
T0 -536°  R  i 


Run 

Po 

PSIA  • 

h 

mils 

'  4! 

#/sec.  j 

_  ! 

MIA 

27.9 

.650 

22  "| 

M2A 

28.4 

.682 

25  ; 

M3A 

28.9 

.734 

30 

M4A 

29.24- 

.780 

34 

K5A 

32.4 

.894 

47 

M6A 

34.9 

.941 

55 

H7A 

44.9 

1.07 

76 

M8a 

54.9 

1.17 

99 

M9A 

649 

1.26 

126 

i  M10A 

74.9 

1.34 

152 

MIA 

84.9 

1.40 

180 

!  M12A 

94*9 

1.24-8 

207 

Ml  3  A 

i  '  ■ 

1 

104.9 

i.55 

i 

A  HEAD 
F  =  600  gm. 


Pa  = 

T  - 
xo  - 


111-.  9 

536 


HII4A 

314.7 

.386 

11 

mi5a 

39.9 

.605 

35 

Ml  6  a 

42.2 

.669 

j 

Ml  7  A 

4.9 

.708 

5i 

M18A 

54.9 

.789 

69 

M19A 

64.9 

.867 

89 

M20A 

74.9 

.927 

109 

M21A 

84.9 

.986 

131 

M2  2  A 

94.9 

1.04 

152 

M2  3  A 

1 _ 

102.3 

1 

1 

1.09 

170 

40 
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Table  III  (Cont.) 


A  HEAD 
F=  900  gn. 


Pa  =  lij..  9  FSIA 
T0=,536°  R 


Run 

Po 

PSIA 

h' 

mils 

m 

0 

#/ soc. 

M24A 

•  46.9 

.421 

23 

•11125a 

47.9 

.465 

29 

M2  6A 

■ 

48  i  9 

.512 

35 

!  H27A 

49.9 

.525 

39 

M2  8  A 

50.0 

.539 

40 

M2  9 A 

50.4 

.544 

43 

M30  A 

51.4 

.567 

46 

!  M31A 

54.9 

.603 

!  55 

1*I32A 

64.9 

.667 

71 

M3  3A 

74.9 

.722 

87 

M3I4A 

84.9 

.770 

105 

M35A 

94.9 

.817 

124 

M36A 

. .  . . -  J 

104.9 

.861 

145 

1 

! _ 

B  HEAD 

Pa— 

14.9  PSIA 

i?  =  300  gm. 

537°  R 

Run 

po 

h 

m 

PSIA 


mils 


#/scc, 


I-IIB 

I-I2B 

M3B 

M4B 

M5B 

M6b 

M7B 

MOB 

M9B 


27.5 

29.9 

34.9 

44.9 

54.9 
6^.9 

74.9 

84.9 

94.9 


.925 

1.09 

1.20 

1.34 

1.44 

i.54 

1.61 

1.67 

1.76 


52 

81 

109 

149 

195- 

240 

297 
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Table  IlKCont.) 


B  HEAD 

Pa= 

14.9  PSIA 

536 6  R 

F-  600 

gm. 

Run 

?o 

h 

m 

PSIA 

mils 

,  ..  -  .   i 

///see. 

H10B 

34.9 

.459 

16 

HUB 

M12B 

37.4 

.769 

62 

39.9 

.845 

83 

H13B 

44.9 

.923 

106 

M14B 

54.9 

1.02 

141 

mi5b 

64.9 

1.10 

180 

HI  6b 

74.9 

1.18 

220 

•  H17B 

84.9 

1.24 

262 

MIBB 

94.9 

1.31 

306 

H19B 

•99.4 

1.34 

t 

331 

{ 

i 

> 

f 

1 

! 

< 

1 

i 


} 


B  HEAD 

Pa= 

14.9  PSIA 

F—  900 

gm. 

535°  R 

Run 

V 

x  0 

h 

! 

m 

PSIA 

mils 

#/sec. 

N20B 

43.9 

.542 

38 

:  112  IB 

44.9 

.613' 

53 

M22B 

47.9 

.704 

78 

H23B 

49.9 

.750 

91  - 

M24B 

54.9 

.802 

112 

H25B 

64.9 

.874 

145 

M26B 

74.9 

.940 

176 

M2.7B 

84.9 

.985 

217 

M28B 

94.9  • 

1.06 

t 

2  48 

•  1 

:  1 

I 

1  < 

1 

i 
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Pressure  Gage 


Fig.  1 

Schematic  of  pad  bearing 
and  test  equipment  used 
in  Pressure  Distribution 
Investigation 


Figure  2 

?hov/C  -ra-ih  of  Ginbal  Fine  arc!  Air  " 


A  -  Loading  Am 
2  -  Air  "oac 

|fj  —  “ , r  *  -  r  ->->  T*  -- 

^  73  *  , 


r- 


Photograph  of  Test  Device  used 
in  Pi  In  Thickness  and  Mass  Rate 
of  Flow  Investigation 
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f . 


Pig.  ij.  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 


U6 


E  ' 

Pig.  5  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 
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Pig.  6  -  Plot  of  non-dimensional  pressure 
radius  ratio 


versus 


r  . 

r> 

u. 

Fig#  7  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 


k9 


r\ 
E  ' 


Pig*  8  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 


5o 


.  r  . 

E 

Fig.  9  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio  — 

5i 


<f 


.9 


r 


a 

cu 

t 

C- 


a  t 

n- 


V  * 


.8  r 

.7  . 

.6 


-.5 


s 


p0*  54.6  PSIA 
F-  600  gm. 

Run  2 -A 

T0-  74°F 

Pa=  14.6  PSIA 

Run  3-B 
T0=  76°F 
Pa=  lj.  ,6  PSIA 


-.02 


.04  .06  .10  .20  '  .40  .60  1..0 


r  . 
R  ' 


Fig.  10  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 
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Fig.  11  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio  •  ••  ' 
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r  . 

R  ' 

Pig.  12  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio  " 
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II 
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r  . 


Fig*  13  “  Plot  of  non-dimensional  pressure  versus 
radius  ratio 
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Pig.  llj.  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 
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Fig.  l£  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 
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Pig.  16  -.Plot  of  non-dimensional  pressure  versus 
radius  ratio 
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a 

c* 

o 

t  cu 

04 


.7 

.6 

-.5 


-.4. 

.3 

.2 

.1 


• 

a  .  . 

P  =  54.6  PSIA 

F  =  900  gm. 

• 

- 

Run  12 -A 

Tc=  78°F 

PaB  14.6  PSIA 

Run  llj.-B 

T0=  78°f 

Pa=  14.6  PSIA 

\ 

£ 

re 

•  * 

?A 

, 

•  1 

.... 

I 

/ 

- 

« 

. 

- 

02  .04  .06  .10  .20  .40  .60  1..0 


Pig,  17  _  Plot  of  non-dimensional  pressure  versus 
radius  ratio  .  . 
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E 

i 

Pig.  18  -  Plot  of  non-dimensional  pressure  versus 
radius  ratio 
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Pig.  19  -  Plot  -  of  non-dimensional  pressure . versus 
radius  ratio 
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Fig.  20  -  Plot  of  pressure  versus  radius  made  by 
X-Y  plotter 


if 


22  -  Plot  of  pressure 


versus  radius  made  by 

n;1  'll!  il!!  bp  :!l!|i!|[||;;i|llii|i!|]|ii 


—s —  (ss?//s) 


a 


■  ,i 

i  •■ 


x 


0  10  20  30  I4.O  50  60  70  80  90 

Gage  Pressure-*-(P0-Pa)-^-(PSIG) 


Pig.  23  -  Plot  of  film  thickness  versus  differential 
pressure  for  ’’A”  head 


7y?/C/z./7<?*5S  >-{/??/ As ) 


tJ 

jl 


0  20  40  60  80 

Gage  Pressure -5>-(P0-Pa)  (PSIG) 


Pig.  24  -  Plot  of  film  thickness  versus  differential 
pressure  for  ”BM  head 
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06se^vec/  Access  /vb  /?cc/-(?  — s—  (//^'rys<?c. )  X /O 


Fig.  25  -  Plot  of  observed  mass  flow  rate  of  air 
versus  theoretic  maximum  mass  flow  rate 
of  air  for  "A"  head 
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Pig.  26  -  Plot  of  observed  mass  flow  rate  of  air 
versus  theoretic  maximum  mass  flow  rate 
of  air  for  S,B”  head 
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Figure  27 
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